ABSTRACT
INTRODUCTION
Aortic valve replacement with a mechanical or biological prosthesis is a standard procedure in cardiac surgery, and as a consequence, reoperative aortic valve replacement has become an increasingly common challenge. Regarding firsttime aortic valve replacement, there have been numerous reports on long-term survival and choice of the type of prosthesis (biological or mechanical) [Aupart 2006; Bernet 2007; Khan 2001; Kulik 2006; Lund 2006; Melby 2007; Ruel 2007] . There has been a trend toward a biological prosthesis in the aortic position because of the lower incidence of thrombogenic and hemorrhagic complications [Gummert 2005 ]. Additionally, in older patients a higher durability of biological prostheses has been demonstrated, favoring their implantation [Rahimtoola 2003 ]. Based on accumulated published evidence and our own experience, in our institution patients over 60 years old have been considered to receive a biological prosthesis as first-time aortic valve replacement. However, to date limited data are available for the reoperative replacement of the aortic valve [Davierwala 2006; Lau 2006; Potter 2005; Vogt 2000] and it remains unclear which strategy should be applied in patients requiring aortic valve re-replacement.
The purpose of this study was to examine the influence of the prosthesis type on early mortality and long-term survival after re-replacement of aortic valve prostheses, especially in patients over 60 years old.
METHODS

Patient Cohort
From 1992 to 2000, 223 patients underwent aortic valve rereplacement at the Hanover Medical School because of dysfunction of a prosthesis or prosthesis endocarditis. All patients were included in the present study. For re-replacement of the aortic valve, 167 patients received a mechanical prosthesis (mechanical group) and 56 patients received a biological prosthesis (biological group), and analyses in the present study were done according to this categorization. Patients having multiple replacement procedures with third-time (or further) operations were excluded from this study. Preoperative, perioperative, and postoperative data were entered prospectively into a computerized database. The patients were evaluated by telephone
The Heart Surgery Forum #2011-1167 16 (6), 2013 [Epub December 2013 ] doi: 10.1532 Influence of Prosthesis Type on Long-Term Survival after Re-replacement of Aortic Valve Prosthesis interviews, and health records and consultations were evaluated when appropriate. Follow-up periods were an average of 6.4 ± 3.7 years (mechanical group) and 5.1 ± 3.3 years (biological group) after initial operation. Follow-up was 91.5 % complete (151 patients with mechanical prosthesis and 53 patients with biological prosthesis). The end points compared were survival and major valve-related complications, including structural valve deterioration, thromboembolism, hemorrhage, further reoperation, and valve-related mortality. Valve-related mortality included death caused by structural valve deterioration, nonstructural dysfunction, thrombosis, thromboembolism, hemorrhage, or prosthetic valve endocarditis and death related to reoperation for a valve-related complication. Valve-related mortality was inclusive of sudden, unexplained, unexpected deaths. Valve-related morbidity included permanent valverelated impairment as a result of permanent neurologic or other functional deficit caused by structural valve deterioration, nonstructural valve dysfunction, valve thrombosis, thrombotic embolism, bleeding, prosthetic valve endocarditis, or reoperation. The publication Guidelines for Reporting Morbidity and Mortality after Cardiac Valvular Operations [Edmunds1996] was used to define the complications. This retrospective study was approved by our institutional ethics board.
Statistical Analysis
Results are expressed as mean ± standard deviation. Statistical analyses were performed using the Student's t-test for continuous variables or χ 2 tests (Fisher's exact tests if n < 5) for categorical variables. Stepwise multivariable logistic regression analysis was used to calculate risk-adjusted odds ratios and to determine the independent predictors of 30-day mortality. Kaplan-Meier analysis was used to compare late mortality between the subject groups. A propensity scorematching analysis was used to compensate for the differences in patient characteristics. For this purpose, logistic regression was used to develop a propensity score [Blackstone 2002 ]. The propensity score included age, sex, left ventricular ejection fraction (EF), emergency procedure, endocarditis, and New York Heart Association (NYHA) class IV. By using these covariables, a propensity score was calculated for each patient. Finally, each patient in the biological group was matched to 1 patient in the mechanical group with the closest propensity score. The maximum difference of propensity score for a match was >.015. By using this novel method, comparable patient groups, 27 patients from each group, were identified for final analysis. A P value of <0.05 was considered significant. All statistical analyses were performed using SPSS 12.0 software (SPSS Inc., Chicago, IL, USA).
RESULTS
Preoperative characteristics and demographics of the study patients are summarized in Table 1 . Patients who received a biological prosthesis were significantly older, and the duration from the first operation until the re-replacement of the aortic prosthesis was significantly longer in patients who received a mechanical prosthesis. There were no other differences in preoperative characteristics between the 2 groups.
Operative Procedures
Details of operative procedures are summarized in Table  1 . The size of the valve prosthesis was 24.0 ± 2.3 mm in the mechanical group and 23.6 ± 1.7 mm in the biological group (P = 0.243). Concomitant surgical procedures were performed in 79 patients (35.4 %) in the entire study cohort, 62 patients (37.1 %) in the mechanical group, and 17 patients (30.4 %) in the biological group (P = 0.359). The variety of concomitant surgical procedures was similar between groups; no significant differences of cross-clamp times were observed among the 2 groups.
Early Outcome
Postoperative mortality and complications are listed in Table 2 . Thirty-day mortality was 8.4% (n = 14) in the mechanical group and 12.5 % (n = 7) in the biological group (P = 0.361). There were no significant differences in the incidence of postoperative complications between both groups. The results of multivariate analysis for predictors of 30-day mortality are listed in Table 3 . In this analysis, preoperative critical condition with NYHA class IV (P = 0.001), emergency procedure (P = 0.002), and endocarditis (P = 0.025) were significant risk factors. Likewise, when patients with endocarditis or NYHA class IV were excluded from further analysis, the 30-day mortality was 2.4 % (n = 4) in the mechanical group and 1.8 % (n = 1) in the biological group. There was a trend toward higher mortality rates in patients who underwent concomitant coronary artery bypass grafting (CABG). Importantly, there was no influence of valve type on early mortality.
Late Outcome
Death after postoperative day 30 occurred in 40 patients (valve related, 22; non-valve related, 13; unknown, 5) in the mechanical group and 12 patients (valve related, 5; non-valve related, 4; unknown, 3) in the biological group. The result of survival analysis in the entire study cohort is demonstrated in Figure 1A . Survival at 5 years was 77.2% ± 3.4% in the mechanical group and 81.0% ± 5.4% in the biological group, and survival at 10 years was 59.0% ± 4.9% in the mechanical group and 43.9% ± 10.6% in the biological group. There was no significant difference in late survival between the 2 groups. Valve-related morbidity occurred in 13 patients in the mechanical group and 6 patients in the biological group. The result of event-free survival (without death and valve-related morbidity) is demonstrated in Figure 1B . Event-free survival at 5 years was 73.9% ± 3.6% in the mechanical group and 70.5% ± 6.5% in the biological group, with 10-year rates of 49.7% ± 5.0% in the mechanical group and 35.3% ± 9.8% in the biological group. Interestingly, there was no significant difference between groups.
To focus on the primary interest of this study, patients in the biological group aged over 60 years were 1:1 matched with propensity score according to the following parameters: age, sex, EF, emergency procedure, endocarditis, and NYHA class IV. From each group, 27 patients were matched for further evaluation. All of the matched patients in the biological group and 25 (93%) patients in the mechanical group had late follow-up data. Thus, 25 matched patients in the mechanical
The Heart Surgery Forum #2011-1167 E300 group and 27 matched patients in the biological group were analyzed for long-term outcomes. The results of survival analysis and event-free survival in the matched study cohort are shown in Figure 1C and D. In this cohort, survival at 5 years was 67.1% ± 9.6% in the mechanical group and 77.6% ± 8.1% in the biological group, and survival at 10 years was 43.6% ± 12.8% in the mechanical group and 30% ± 15.5% in the biological group. Event-free survival at 5 years was 63.8% ± 9.7% and 70% ± 8.9%, respectively, and event-free survival at 10 years was 26.5% ± 12.1% and 18.2% ± 14.7%, respectively. There were no significant differences between these 2 groups in each analysis.
DISCUSSION
The crucial findings of our study are as follows. (1) In our total series, re-replacement of an aortic valve prosthesis was still a high-risk procedure, with a 9.4% overall mortality rate at 30 days. Decreased patient status with NYHA class IV (P = 0.001), emergency procedure (P = 0.002), and endocarditis (P = 0.025) were significant risk factors diminishing the long-term results, and for concomitant CABG procedures there was a strong trend toward a risk factor, although statistical significance was not reached (P = 0.06). Moreover, the type of aortic valve prosthesis did not have an influence on early outcome. (2) Similarly, in the long term, the type of the aortic valve prosthesis did not significantly influence overall survival or event-free survival. In the matched patient cohort over 60 years old, the late survival rates and event-free survival rates were almost identical in both groups.
As speculated, there was no influence of the type of aortic valve prosthesis on any of the examined variables determining early outcome. The risk factors for early mortality as detected in our analysis support previous findings [Davierwala 2006; Potter 2005; Vogt 2000] . Peripheral vascular disease, prosthetic endocarditis, worsening NYHA class, and need for an aortic annular enlargement were demonstrated as significant risk factors for early mortality in reported series by Davierwala et al, with 216 patients undergoing re-replacement of an aortic valve prosthesis [Davierwala 2006] . Similar results were presented by Vogt et al in their series including 172 patients [Vogt 2000 ] and by Potter et al with 162 patients [Potter [Lau 2006 ]. In their analysis, no significant differences in the survival rates between the 2 valve types were observed in patients older than 60 years, and overall freedom from valve-specific complications and valve-related mortality did not significantly differ between the 2 groups. The results of the present study support their findings. In our entire study cohort, no significant differences in survival and event-free survival were found. In a matched patient cohort with an age of more than 60 years, survival-and event-free survival curves were almost identical between the 2 groups of patients with a biological or a mechanical prosthesis. Although biological prostheses had no advantage for event-free survival in this patient cohort, we consider that biological prostheses may be advisable for patients aged over 60 years requiring re-replacement of an in situ aortic valve prosthesis because of the better quality of life without anticoagulation.
On the basis of this amount of evidence, the question arises whether the operative strategy regarding the choice of prosthesis type at the time of a redo procedure should differ from that used in the first-time operation. Khan et al. have analyzed 1389 patients undergoing first-time replacement of the aortic valve. Comparing late outcomes of tissue and mechanical prosthesis in patients aged over 65 years, they reported survival rates of 71% ± 2.2% in the tissue valve group and 71% ± 2.4% in the mechanical valve group at 5 years, corresponding to 10-year survival rates of 40% ± 3.2% and 39% ± 3.1%, respectively [Khan 2001] . Their results are similar to those demonstrated in the present study. Accordingly, in a review article by Rahimtoola in 2002, it was emphasized that the use of a biological prosthesis for aortic valve replacement could be advisable for patients aged over 60 to 65 years [Rahimtoola 2003 ]. The results of the present study suggest that the same strategy regarding consideration of patient age in the choice of the type of prosthesis used in first-time operations can also be used in re-replacement of the aortic valve prosthesis.
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years, late survival and event-free survival were almost identical in both groups. These results suggest that the current strategy favoring the use of biological aortic valve prostheses for patients aged over 60 years in first-time operations could also be applied in re-replacement operations.
